Senna occidentalis (L.) Link formally known as Cassia occidentalis is a popular herb in folk medicine for the treatment of a wide range of microbial infections. Crude, ammonium sulphate precipitated and dialyzed proteins of S. occidentalis seeds were evaluated for their antibacterial potential by agar well diffusion and broth dilution techniques, against ten bacterial isolates made up of five Gram positive bacteria; Staphylococcus aureus, Streptococcus pyogenes, Enterococcus Sp, Listeria monocytogene and Bacillus subtilis and five Gram negative bacteria; Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa, Salmonella typhi and Shigella dysentria. The proteins were isolated by gel filtration on sephadex G-75 column and tested for antibacterial activity. The crude, dialyzed and precipitated proteins were active against all Gram positive bacterial isolates tested but were inactive against all Gram negative bacterial isolates used. The Minimum Inhibitory Concentration (MIC) of the crude, precipitated and dialyzed proteins against the most significantly (p < 0.05) sensitive bacterial B. subtilis were 0.67, 0.73 and 3.34 mg/ml respectively while the Minimum Bactericidal Concentration (MBC) were 2.67, 1.46 and 6.67 mg/ml respectively. Isolation however, resulted in total loss of antibacterial activities. SDS/PAGE analysis showed that the seed contains different proteins with molecular weights ranging from 14,400 to 66,200 kDa. The results of this study suggest that S. occidentalis seed contains proteins that have narrow spectrum, synergetic antibacterial activity against important food spoilage bacterial and can therefore be exploited for the development of novel antibacterial agent(s) for food preservation.
Introduction
Bacterial infections are issues of global health concern as they are important causes of morbidity and mortality in developed and developing countries. The current resistance of infectious bacteria to available antibacterial agents has tremendously increased the burden of infectious diseases. This problem is further compounded by low availability of new antibacterial agents in the pipeline as acknowledged by the European Academies Science Advisory Council (EASAC) [EASAC portal, https://www.easac.eu/fileadmin/PDF_s/reports_statements/Easac_statement_AntimicrobialDD _webvs.pdf, Last accessed on 13/05/2019] and confirmed by the WHO [https://www.who.int/news-room/detail/20-09-2017-the-world-is-running-out-of-antibiotics-who-report-confirms and https://www.who.int/ bulletin/volumes/ 89/2/11-030211/en/, Last accessed on 13/05/2019] as well as the British Society for Antimicrobial Chemotherapy Initiative (BSACI) [BSACI portal http://bsac.org.uk/report-of-the-urgent-need-initiative/ Last accessed on 13/05/2019]. There is therefore an urgent need for innovative regeneration of antibacterial drug discovery and development.
Like other living organisms, plants have their own fair share of bacterial invasions and are able to produce compounds that act as defence against infectious bacteria [1, 2] . Some of these compounds have been identified as proteins that form part of the plant's innate immune system and enable their seeds germinate successfully in the midst of soil bacteria. Although antibacterial proteins are not as crucial for the first line of defence in plants as in animals [3] , the search for antibacterial agents with mechanism of actions different from the currently used antibiotics has lead researches to explore antibacterial proteins in plants, not only as a potential replacement for antibiotics, their principle could provide new model for designing novel antibacterial agent [4] . As such, the list of plant bactericidal proteins is being updated continuously.
Additionally, the rise in consumer concern on the deleterious effects of chemical preservatives and the indiscriminate use of antibiotics in animal husbandry has lead to an increasing preference for natural substitutes [5] . Plant derived antibacterial agents have the potential to be used as a replacement for chemical preservatives and antibiotics in food industries and animal husbandry respectively.
Senna occidentalis (L.) Link formally known as Cassia occidentalis, commonly called Coffee Senna, Negro-Coffee, Stinking Weed [6] or Septic Weed is a member of the Senna genus and belongs to the family Fabaceae (also known as Leguminosae). It is a wild flowering plant found in many tropical countries. It is very common in uncultivated farm lands and along road sides in northern Nigeria, Different parts of S. occidentalis plant have been used in folk medicine as an excellent broad-spectrum internal and external antibacterial herb [7] . The seeds are dried, beaten up, and used as coffee substitute. Hence, they are referred to as coffee Senna. Drink prepared from coffee Senna has a reputation for usefulness in the treatment of dermatitis infection, malaria, fevers, kidney and bladder troubles. Despite these uses, there is little research information on the antibacterial activity of S. occidentalis seed. Being a leguminous plant, S. occidentalis seeds are rich in protein and could be a good source of antibacterial proteins. This research therefore seeks to investigate the protein components of S. occidentalis seed as potential antibacterial agent.
Material and methods

Plant collection and identification
S. occidentalis plants with dried seeds were collected from uncultivated farmland opposite Institute of Agricultural Research, Ahmadu Bello University, Zaria (11 0 09'40.8"N 7 0 38'38.5"E). The plant was identified and authenticated with a voucher of 1611 in the Herbarium of the Department of Biological Science, Ahmadu Bello University, Zaria. The seeds were sorted, air dried and stored in polythene bags until use.
Bacterial isolates
Clinical bacterial isolatesof Staphylococcus aureus; Streptococcus pyogenes; Escherichia coli; Klebsiella pneumoniae; Pseudomonas aeruginosa; Salmonella typhi; and Shigella dysentriae were obtained from the Department of Medical Microbiology, Ahmadu Bello University Teaching Hospital (ABUTH), Zaria, while Enterococcus Sp; Listeria monocytogenes and Bacillus subtilis were obtained from the Department of Veterinary Public Health and Preventive Medicine, Ahmadu Bello University, Zaria. All the bacterial were checked for purity by subculturing on their selective media and incubated for 24 hours, after which they were subcultured on nutrient agar slants and maintained at 4 °C until use.
Extraction of crude protein from S. occidentalis seed
Crude protein was extracted from S. occidentalis seed according to the method of Ahmadi et al., [8] with slight modifications. Three grams (3g) of S. occidentalis seeds were sterilized by exposure to Ultra Violet light for 15 minutes. The sterile seeds were finely ground and soaked in 30ml of 50mM phosphate buffer (pH 7), containing 2mM EDTA, 5% glycerol and 50MmNaCl (1:10 W/V). The mixture was shook for two hours at 4 °C using a mechanical shaker then centrifuged at 10,000g for 10 minutes at 4 °C. Total protein content of the supernatant (which contained the crude protein) was determined by measuring absorbance at 280 nm. The crude protein extract was diluted with extraction buffer to 20 %, 40 % and 60% v/v. The protein concentrations, antibacterial activities, MIC and MBC of the diluted crude proteins were determined.
Ammonium sulphate precipitation
Ten mls of the crude protein extract was brought to 80% ammonium sulphate saturation by gradually adding saturated ammonium sulphate solution at 4 °C with constant gentle stirring using a magnetic stirrer. Stirring was continued for 2 hours at 4 °C (after the required saturated ammonium sulphate solution had been added). The mixture was then kept for 12 hours at 4 °C for complete precipitation to take place. Precipitated proteins were pelleted by centrifugation in a refrigerated centrifuge at 10,000 g for 10 minutes at 4 °C. The protein precipitate was re-suspended in 5 ml of working buffer (50 mM phosphate buffer containing 50 mM NaCl). Total protein content of the precipitated protein was determined by measuring absorbance at 280 nm. Protein concentrations, antibacterial activities, MIC and MBC of 20%, 40% and 60% v/v of the precipitated proteins were determined.
Dialysis of precipitated protein
The precipitated protein (10 ml)was extensively dialyzed against 4 L of working buffer (50 mM phosphate buffer containing 50 mM NaCl pH 7) for a total of 20 hours using a dialysis bag of 8 kDa molecular weight cut-off. The precipitated protein was first dialyzed against 1 L of working buffer for 2 hours at 4 °C. The buffer was changed and dialysis was continued with a fresh 1 L of the working buffer for another 2 hours at 4 °C. The buffer was changed again and dialysis continued overnight (12 hours) at 4 °C. The dialyzed protein was centrifuged at 10,000 g for 5 minutes at 4 °C to remove unwanted particles.
Total protein content of the dialyzed protein was determined by measuring absorbance at 280 nm. Protein concentrations, antibacterial activities, MIC and MBC of 20%, 40% and 60% v/v of the dialyzed proteins were determined.
Sephadex G-75 gel filtration
After dialysis, 200 µL of the sample was fractionated on a 1.5 cm×50 cm Sephadex G-75 column that had been equilibrated with 50 mM phosphate buffer containing 50 mM NaCl, pH 7.0. One hundred fractions were collected in 2 ml aliquots at a flow rate of 12 ml/h. The Protein contents of fractions collected were monitored by measuring their absorbance at 280 nm. The peaks of protein concentrations were tested for antibacterial activity.
Sodium Dodecyl Sulphate -Polyacrylamide Gel Electrophoresis (SDS-PAGE)
SDS-PAGE using 10% gel strength was conducted. Protein bands were stained with Coomassie blue and visualized under a UV light.
Standardization of bacteria
Bacterial isolates were subcultured on their selective media and incubated for 24 hours. The Bacterial isolates were then inoculated in 10ml sterile normal saline solution and incubated at 37 °C for 6 hours. After the incubation period, sterile normal saline solution was added to the growth medium to adjust its turbidity (by visual comparison) to match the turbidity of 0.5 McFarland turbidity standard. This gave an approximate cell density of 1.5×10 8 colony-forming units per millilitre (cfu/ml) of growth medium.
Antibacterial activity
Antibacterial activity was carried out on Muller Hilton Agar by agar well diffusion method as described by Hugo and Rusell [9] .Sterile agar plates were prepared and seeded with 0.1 ml of the standardized bacteria. The inoculawere spread evenly over the surface of the agar with a sterile swab. A sterile standard cork borer of 4mm diameter was used to bore holes on the inoculated agar plates. One hundred microliter (100 µl) of each protein solutions were added separately to the agar wells. Wells containing Extraction buffer instead of protein solutions served as the negative control while Ciprofloxacin and Sparfloxacin standard antibacterial disc placed on the surface of the agar served as the positive control. The inoculated plates were kept at room temperature for one hour to enable the protein solution diffuse across the surface. The plates were then incubated at 37 °C for 24 hours, after which they were observed for zones of inhibition of bacterial growth around the agar well. The zones were measured with a transparent ruler and results obtained were recorded in millimetre.
Minimum Inhibitory Concentration (MIC)
MIC of the diluted proteins against susceptible bacteria isolates were determined using broth dilution method as described by Egharevba et al., [10] Ten millilitres of (10 ml) of Muller Hilton broth (prepared according to manufacturer's instruction) were dispensed into separate test tubes, sterilized at 121 °C for 15 minutes and allowed to cool. Isolates of bacteria that were susceptible to the protein solutions were standardized with freshly prepared 0.5
McFarland's turbidity standard. A concentration of 80 %, 40 % and 20 % protein in sterile broth were prepared and there protein concentrations were calculated. 0.1 ml of standardized inocula were inoculated into the different concentrations of proteins and incubated at 37 °C for 24 hours. A test tube containing the protein-broth solution which was not inoculated with bacteria was incubated alongside to serve as negative control. After the incubation, the test tubes were observed for presence of turbidity as an indication of bacterial growth. The lowest concentration of protein in the broth which showed no turbidity in the test tube was recorded as the MIC.
Minimum Bactericidal Concentration (MBC)
MBC of the diluted proteins were carried out as described by Egharevba et al., [10] , the content of the MIC test tubes were sub-cultured on nutrient agar plates and incubated at 37 °C for 24 hours. After the incubation period, the plates were observed for the presence of bacterial colony. Plates with the lowest concentration of extract and without bacterial colonies were recorded as the MBC.
Statistical analysis
All experiments were carried out in three replicates; The Data was analyzed using statistical package for the social sciences (SPSS), version 20. The results were expressed as mean ± standard deviation (SD). The data was analyzed by analysis of variance (ANOVA). Difference in zone of inhibition were compared using the Duncan Multiple Range Test. P values less than 0.05 (P<0.05) were taken as significant.
Results and discussion
Purification of antibacterial proteins and SDS-PAGE analysis
Proteins of S. occidentalis were subjected to ammonium sulphate precipitation, dialysis and gel filtration chromatography. The elution profile of the proteins on Sephadex G-75 presented in figure 1 shows three major peaks of protein concentration. Results of SDS-PAGE analysis (figure 2) shows that the seedis composed of different proteins with molecular weights ranging from 14kDa to 66kDa. 
Antibacterial activities of S. occidentalis seed proteins
Results of antibacterial activity of the crude, precipitated and dialyzed protein extracts of S. occidentalis seed are presented in Table 1 , while the zones of inhibitions are shown in Figure 3 Like other antibacterial agents, most plants antibacterial proteins have broad spectrum antibacterial activity. Some, as portrayed in this study are however, specifically inhibitory against Gram positive or Gram negative bacteria [12] . A few examples of antibacterial proteins reported to specifically inhibit Gram positive bacteria linclude; Kalata B2 (a cyclotide) isolated from Oldenlandia affinis [13] , Ah-AMP1 isolated from Aesculus hippocastanum [14] as well as Ac-AMP1 and Ac-AMP2 isolated from Amaranthu scaudatus [15] .
The profound unintended collateral damage of broad spectrum antibacterial agent to beneficial gut microbes and their contribution to antibiotic resistance have discouraged their use [16] and have emphasized the importance for narrowspectrum antibacterial agents [17] such as the antibacterial protein identified in this study, which can selectively kill microorganism without affecting non-targeted microbes.
Antibacterial activity of isolated proteins
The isolated proteins of S. occidentalis Seed had no activity against any of the bacterial isolates used as shown in Table  2 . Loss of antibacterial activity in an attempt to purify the protein could be as a result of interruption of some weak interactions, such as disulfide bridges, that might be essential for antibacterial activity of the protein. A similar observation was made by Kim et al. [18] while purifying a protease inhibitor from potato tubers. The protease inhibitor which inhibited chymotrypsin, trypsin, and papain and also inhibited the growth of Candida albicans, Rhizoctonia solani, and Clavibacter michiganense) was observed to be composed of polypeptide chains joined by disulfide bridges and almost completely lost activity against proteases and fungi when reduced.This indicated that the disulfide bridges are essential for protease inhibition and antimicrobial activities of the protein. Quite a number of antibacterial proteins with more than one sub unit have been reported by other researchers. Kisugi et al. [19] purified a 250 kDa antibacterial glycoprotein consisting of four subunits from Dolabella auricularia and showed both antibacterial and antineoplastic activities. James et al., [20] also isolated a 190 kDa antibacterial protein consisting of more than one subunit from Ciona intestinalis
The antibacterial activity observed in the crude, precipitated and dialyzed protein extract could also be as a result of synergistic actions of two different proteins such that purification of the proteins could cause loss of activity. Kovalskaya and Hammonda [21] reported a pronounced synergistic antibacterial action of a snakin-1(SN1) and a defensin (PTH1) against Pseudomonas syringaepv. syringae and an additive effect against Pseudomonas syringaepv. Tabaci. The report was fully consistent with synergistic and additive antimicrobial effects of both SN1 and PTH1 against phytopathogens previously reported by Segura et al. [22] Additionally, bactericidal activity of Lactococcal Bacteriocin from Lactococcus lactis and plantaricin S from Lactobacillus plantarum were observed by Nissen-Meyer et al., [23] and Jimeet al., [24] respectively to be dependent on a complementary action of two peptides. Table 3 and Table 4 respectively shows that the crude, precipitated and dialyzed protein extracts were bactericidal against susceptible bacteria, with B. subtilis being the most susceptible bacteria compared to L. monocytogenes and S. aureus. 
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